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© Electric motor powered power steering arrangement with feature of decoupling motor from 
steering shaft 



© The power steering arrangement employs a me- 
chanical one-way clutch (14) which is designed for 
coupling an electric motor (9) with a steering shaft 
(1) for transmitting driving torque of the motor while 



the driving torque is supplied thereto from the elec- 
tric motor and for decoupling the electric motor from 
the steering shaft when the driving torque is not 
supplied from the electric motor. 
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ELECTRIC MOTOR POWERED POWER STEERING ARRANGEMENT WITH FEATURE OF DECOUPLING 

MOTOR FROM STEERING SHAFT 



The present invention relates generally to a 
power steering arrangement for an automotive ve- 
hicle. More specifically, the invention relates to a 
power steering arrangement which employs an 
electric motor as an assisting power source. 

One example of conventionally proposed elec- 
trically powered power steering arrangement has 
been disclosed in Japanese Patent First 
(unexamined) Publication (Tokkai) Shows 62- 
273165. In the disclosed arrangement, an electric 
motor is coupled with a steering shaft via a gear. 
An electromagnetic clutch is interposed between 
the motor and the gear for establishing and bloc- 
king torque transmission between the motor and 
the gear. 

In such construction, relatively large capacity of 
electromagnetic clutch is required for satisfactorily 
controlling transmission of the driving torque of the 
electric motor. Therefore, the overaJI size and 
weight of the steering arrangement becomes bulky 
and heavy. Furthermore, in order to control the 
clutch externally, complicated electric wiring is re- 
quired, making the production cost of the arrange- 
ment unacceptably high. 

Therefore, it is an object of the present inven- 
tion to provide an electric motor powered power 
steering arrangement which can solve the 
drawback in the prior art. 

In order to accomplish aforementioned and oth- 
er objects, a power steering arrangement, accord- 
ing to the present invention, employs a mechanical 
one-way clutch which is designed for coupling an 
electric motor with a steering shaft for transmitting 
driving torque of the motor while the driving torque 
is supplied thereto from the electric motor and for 
decoupling the electric motor from the steering 
shaft when the driving torque is not supplied form 
the electric motor. 

According to one aspect of the invention, an 
electric motor powered power steering arrange- 
ment for an automotive vehicle, comprises: 
a steering shaft which is connected to a steering 
mechanism for causing toe angle change of a 
vehicular wheel, the steering shaft being connected 
to a manually operable means for entry of steering 
demand; 

an electric motor responsive to a control signal for 
generating a driving torque; 
a gear train comprising a plurality of gears for 
transmitting driving torque generated by the elec- 
tric motor; and 

a mechanical torque transmission control means, 
associated with the gear train, for permitting trans- 
mission of the driving torque of the electric motor 



to the steering shaft and blocking torque transmis- 
sion from the steering shaft to the electric motor. 

The mechanical torque transmission control 
means may comprise a mechanical clutch mecha- 

5 nism which is engaged in response to the driving 
torque generated by the electric motor and which 
is maintained in disengaged position during ab- 
sence of the driving torque of the electric motor. In 
such case, the gear train comprises a main gear 

to rotatably supported on the steering shaft for rota- 
tion therewith and designed to be driven by the 
driving torque of the electric motor, a clutch wheel 
rigidly secured to the steering shaft for rotation 
therewith, and the mechanical clutch mechanism 

15 includes a one-way clutch for establishing engage- 
ment between the main gear and the clutch wheel 
for co-rotation with each other in response to driv- 
ing torque supplied from the motor and for main- 
taining the steering shaft free from the main gear 

20 while the driving torque from the electric motor is 
absent. 

In the preferred construction, the clutch mecha- 
nism comprises a first clutch component active for 
establishing driving torque transmission from the 
25 electric motor to the steering shaft in a first steer- 
ing direction and a second clutch component active 
for establishing driving torque transmission from 
the electric motor to the steering shaft in a second 
steering direction. In such case, the gear train 
30 comprises a main gear rotatably supported on the 
steering shaft for rotation therewith and designed to 
be driven by the driving torque of the electric 
motor, and the first clutch component includes a 
first clutch wheel rigidly secured to the steering 
35 shaft for rotation therewith, and a first one-way 
clutch for establishing engagement between the 
main gear and the clutch wheel for co-rotation with 
each other in response to driving torque in the first 
steering direction supplied from the motor and for 
40 maintaining the steering shaft free from the main 
gear while the driving torque in the first steering 
direction from the electric motor is absent, and the 
second clutch component includes a second clutch 
wheel rigidly secured to the steering shaft for rota- 
45 tion therewith, and a second one-way clutch for 
establishing engagement between the main gear 
and the clutch wheel for co-rotation with each other ■ 
in response to driving torque in the second steering 
direction supplied from the motor and for maintain- 
so ing the steering shaft free from the main gear while 
the driving torque in the second steering direction 
from the electric motor is absent. 

The present invention will be understood more 
fully from the detailed description given herebelow 
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and from the accompanying drawings of the pre- 
ferred embodiment of the invention, which, how- 
ever, should not be taken to limit the invention to 
the specific embodiment but are for explanation 
and understanding only. 

.In the drawings: 
sole drawing is a section of the preferred embodi- 
ment of an electric motor powered power steering 
arrangement according to the present invention. 

Referring now to the drawings, the preferred 
embodiment of an electric motor powered power 
steering arrangement, according to the present in- 
vention, includes a steering shaft 1. The steering 
shaft 1 is rotatably supported in a housing 2 by 
means of a bearing 3. A main gear 4 is supported 
on the steering shaft 1 by means of a bearing 21 in 
such a manner that it can cause relative angular 
displacement with respect to the steering shaft 

A gear 6 is meshed with the main gear 4 and 
rotatably supported on a counter shaft 5. Another 
gear 7 is also rotatably mounted on the counter 
shaft 5. The gear 7 meshes with a motor gear 8 
which is secured on a motor output shaft 10 of an 
electric motor 9. The gears 4, 6, 7 and 8 form a 
gear trains for transmitting motor driving torque to 
the steering shaft 1 . Therefore, the output torque of 
the motor 9 is transmitted to the steering shaft 1 
via the gear train. 

A pair of clutch wheels 1 1 are arranged oppos- 
ing to both of axial ends of the main gear 4. These 
clutch wheels 11 are rigidly secured on the steer- 
ing shaft 1 for rotation therewith. Between each of 
the clutch wheels 11 and the main gear 4, a 
mechanical clutch 12 is provided. The mechanical 
dutch 12 comprises a coil spring 13a or 13b se- 
cured on the boss section 4a of the main gear 4 
and the clutch wheel 11. A one-way clutch 14 is 
provided for restricting movement of the associated 
one of coil spring 13a and 13b. Each of the one- 
way clutches 14 has an outer holder 15 engaged 
with a holder receptacle recess 16 and an inner 
holder 17. The inner holder 17 has a flange 17a 
having the outer end engaged with the outer end 
18 of the coil spring 13a and 13b. The flange 17a 
of the inner holder 17 thus prevents the associated 
one of the coil springs 13a and 13b from rotating in 
winding direction and permits the coil spring to 
rotate in unwinding direction. 

The mechanical clutch 12 thus constructed op- 
erates as follows. Assuming that the steering shaft 
1 is operated to rotate in right, the coil spring 13b 
is rotated in unwinding direction to expand the 
diameter thereof. On the other hand, the coil spring 
13a is prevented from rotating in winding direction. 
Therefore, at this time, the coil spring 13a is not 
active for establishing engagement between the 
boss section 4a of the main gear 4 and the clutch 
wheel 11. On the other hand, assuming that the 



steering shaft 1 is operated to rotate in left, the coil 
spring 13a is rotated in unwinding direction to 
expand the diameter thereof. On the other hand, 
the coil spring 13b is prevented from rotating in 

5 winding direction. Therefore, at this time, the coil 
spring 13b is not active for establishing engage- 
ment between the boss section 4a of the main gear 
4 and the clutch wheel 11. Therefore, in either 
case, the steering shaft 1 and the main gear 4 are 

w held in decoupled position so as to permit free 
rotation relative to each other. 

On the other hand, when the motor is driven for 
providing right hand driving torque, the coil spring 
13b is driven in winding direction for coupling the 

75 main gear 4 and the clutch wheel 11. At the same 
time, the coil spring 13a is driven in unwinding 
direction. Therefore, the right handing driving 
torque is transmitted to the steering shaft via the 
interengaged main gear 4 and the clutch wheel 11. 

20 When the motor is driven for providing left hand 
driving torque, the coil spring 13a is driven in 
winding direction for coupling the main gear 4 and 
the clutch wheel 11. At the same time, the coil 
spring 13b is driven in unwinding direction. There- 

25 fore, the right handing driving torque is transmitted 
to the steering shaft via the interengaged main 
gear 4 and the clutch wheel 1 1 . 

A torque sensor 1 9 is provided on the steering 
shaft 1 in series to the housing. The torque sensor 

30 19 is designed for monitoring steering torque to 
supply a steering torque indicative signal for a 
control unit 20. The control unit 20 also receives a 
vehicle speed indicative signal from a vehicle 
speed sensor 22. The control unit 20 derives a 

35 control current to be supplied to the electric motor 
9 on the basis of the steering torque indicative 
signal and the vehicle speed indicative signal. The 
operation of the electric motor 9 is thus controlled 
by the control current supplied from the control 

40 unit. 

With the construction set forth above, when the 
steering operation is made by a driver and thus the 
steering shaft is rotated, the operational torque 
entered through a steering wheel is detected by 

45 the torque sensor 19. As set forth above, the 
torque sensor supplies the steering torque indica- 
tive signal to the control unit 20. At the same time, 
the control unit 20 receives the vehicle speed indi- 
cative signal from the vehicle speed sensor 22. 

50 The control unit 20 thus feeds the control current 
derived on the basis of the steering torque indica- 
tive signal and the vehicle speed indicative signal, 
to the motor 9. With control current, the motor 9 is 
driven to establish interengagement of the main 

55 gear 4 and one of the clutch wheels 11. Therefore, 
the driving torque of the motor 9 is applied to the 
steering shaft 1 as the steering assist torque. On 
the other hand, the operational torque applied to 
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the steering shaft 1 via the steering wheel will not 
cause interengagement of the main gear 4 and the 
clutch wheel 11 as long as the main gear is not 
rotatingly driven by the driving torque supplied 
form the motor. Therefore, the motor will never 
receive the manually received driving torque. 

With the construction set forth above, since the 
mechanism for coupling and decoupling the elec- 
tric motor and the steering shaft can be formed by 
mechanical clutch mechanism, the size of the 
clutch mechanism can be smaller than that of an 
electromagnetic clutch. Also, since the clutch 
mechanism in the shown embodiment of the power 
steering arrangement can be operated in purely 
mechanical fashion depending upon the power 
transmitting direction, no wiring for controlling the 
clutch mechanism is required. 

Therefore, a compact, light-weight and low-cost 
electric power steering arrangement can be formu- 
lated. 

While the present invention has been disclosed 
in terms of the preferred embodiment in order to 
facilitate better understanding of the invention, it 
should be appreciated that the invention can be 
embodied in various ways without departing form 
the principle of the invention. Therefore, the inven- 
tion should be understood to include all possible 
embodiments and modifications to the shown em- 
bodiments which can be embodied without depart- 
ing from the principle of the invention set out in the 
appended claims. 



Claims 

1. An electric motor powered power steering 
arrangement for an automotive vehicle comprising: 
a steering shaft (1) which is connected to a steer- 
ing mechanism for causing toe angle change of a 
vehicular wheel, the steering shaft (1) being con- 
nected to manually operable means for entry of 
steering demand; 

an electric motor (9) responsive to a control signal 
for generating driving torque; 
a gear train comprising a plurality of gears (4,6,7,8) 
for transmitting driving torque generated by the 
electric motor (9); and 

a mechanical torque transmission control means, 
associated with the said gear train, for permitting 
transmission of the driving torque of the electric 
motor (9) to the steering shaft (1) and blocking 
torque transmission from the steering shaft (1) to 
the electric motor (9). 

2. A power steering arrangement as claimed in 
claim 1, wherein the mechanical torque transmis- 
sion control means comprises a mechanical clutch 
mechanism (12) which is engaged in response to 
the driving torque generated by the electric motor 



(9) and which is maintained in disengaged position 
during absence of such driving torque. 

3. A power steering arrangement as claimed in 
claim 2, wherein the gear train comprises a main 

5 gear (4), rotatably supported on the steering shaft 
(1) and arranged to be driven by the driving torque 
of the electric motor (9), a clutch wheel (11) is 
secured to the steering shaft (1) for rotation there- 
with, and the mechanical clutch mechanism (12) 

/o includes a one-way clutch (14) for establishing en- 
gagement between the main gear (4) and the 
clutch wheel (11) for co-rotation with each other in 
response to driving torque supplied from the elec- 
tric motor (9) and for maintaining the steering shaft 

75 (1) free from the main gear (4) while driving torque 
form the electric motor is absent. 

4. A power steering arrangement as claimed in 
claim 2 or 3, wherein the mechanical clutch mecha- 
nism comprises a first clutch component (12) ac- 

20 tive for establishing driving torque transmission 
from the electric motor (9) to the steering shaft (1 ) 
in a first steering direction and a second clutch 
component (12) active for establishing driving 
torque transmission from the electric motor (9) to 

25 the steering shaft (1) in a second steering direction. 

5. A power steering arrangement as claimed in 
claim 4, wherein the gear train comprises a main 
gear (4) rotatably supported on the steering shaft 
(1) and arranged to be driven by the driving torque 

30 of the electric motor (9); the first clutch component 
(12) includes a first clutch wheel (11) secured to 
the steering shaft (1) for rotation therewith, and a 
first one-way clutch (14) for establishing engage- 
ment between the main gear (4) and the first clutch 

35 wheel (11) for co-rotation with each other in re- 
sponse to driving torque in the said first steering 
direction supplied from the electric motor and for 
maintaining the steering shaft (11) free from the 
main gear (4) while driving torque in the said first 

40 steering direction from the electric motor is absent; 
and the second clutch component (12) includes a 
second clutch wheel (11) secured to the steering 
shaft (1 ) for rotation therewith, and a second one- 
way clutch (14) for establishing engagement be- 

45 tween the main gear (4) and the second clutch 
wheel (11) for co-rotation with each other in re- 
sponse to driving torque in the said second steer- 
ing direction supplied form the electric motor and 
for maintaining the steering wheel (1) free form the 

so main gear (4) while driving torque in the said 
second direction from the electric motor is absent. 
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